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(54) ORGANIC EL ELEMENT 

(57)Abstract 

PROBLEM TO BE SOLVED: To improve coating of a 
protective layer for a structural body in an organic EL 
element which has a structural body at which an organic 
luminescent material is arranged between a pair of 
electrodes that mutually opposes on a substrate and 
which has the protective layer on the external surface of 
the structural body. 

SOLUTION: The organic EL element 100 has on a glass 
substrate 1 a structural body which consists of an anode 
2 f a hole transport layer 3, an organic luminous layer 4 
and a cathode 5 successively, and has a protective layer 
6 to protect the external surface of this structural body 
from the external environment by covering it. The 
protective layer 6 here consists of an alumina membrane 
formed into a film by the atom layer growth method at 
temperatures where the film formation temperature is 
lower than the glass transition point of the hole 
transport layer 3 and the organic luminous layer 4. 
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5 a3?©#TagMi©SSI16£. ■)x-;H?f>i'J 

[0 04 9] [fiXSKS] SSJ16U:. ^SlWttCCj:* 
WISE L^©j6<t£ffi?)P;5<- /c*K:|^— ©K^SF*3 

t* . j-ie <t 13 o < itH§t* 2 - 5 *s^^#sig«: -asm 

Ltc'&. AliJifttSCt%< ALE£g(CflS3£U & 
SJI 6 £ A L E tim? Z> Ci oJ6fc-C*>*. 
[0 05 0 ] iC5t, *^J£^«:J:n«. «i§**2 
-5©J+aBi«:, W«f£3fct«43. 4£«&-rS<5®H 
6 * A L E £tc J: 0 >?SJi 1/ fcS* 8 ©tiffiX* ffffl O r C » 
2>„ ±j$©J:^«:. ALEffilJ. «EJi5fi5£f*©*®-CSt6 

-%Jl*©E*^fiST#2>. ^©fc*. ALE^JCfcO 
»RXSn/c»SI@6W. «JS*2~5©^aBS«:S^^ 
Si$A)9&l/t(). ^— «C)ft^©)S<i:L/'r^R£$n 
•2.. 

[005 1 ] -e©/cdt>. **ife^«:J:<T.«. se*©c 

io ^$n-s>©*K±-r?»c«J:^-rt^. 

[005 2] ±fa@ 5 «:^-r«tc. «SJg 6©± 

Bg^7tc«fc*). -e©T©«s^6*wssn4/cs?). « 

-e-bt. ^g^6*»<-cir^<J:o^c<t«. ales 
K«fc*«g«6©j?£J§i$ra£J§*8-e#. 

[0 0 5 3] ±^©i^{C. ^a^f6©RSJg^© 

40 ^H6©r£S^«:» Tlfe'r-*.^18^2-5*©^ 

SLt>^«:j:*atf. A L ES=«:«fc*6SUi6©»&S _ 
. • Wm*36t*l4 3 . 4©T e A tlT©^®SK-C t T 
^«fc^K:L-Ct> •€-©<fc^^B3S?r@jB-C#. <fc 
•3^*3a)^©ii5t^E L^lOO ?:fi«tl.Ci# 

[0054] iX{C. |RS-r^fe©-C«&«r^. ^JSffJ 

so ©^mtc-^^-c. .k^TOtc^-S. SSH6.il/ 
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S£*^CCS-5<tt^W i. ALEffitCtOAl.O, 
*m 0 OnmgaiLfcS^ ( Y*T\ ±120 1 fcffl 
^) t. ALEtttcJcOA l,O,4fi50 nmRS^L/fc 

*Ofc. ft. X^. YX?&C?Z*?t*MI6£M'i- 
coos 5 j cn?>x. Y. Z©S^«:o(,i-C. 10 

«. 6 5'C, 9 5%RH<D#fflmrt-CSbfp-r^C<!:tL 
tc. 06 t*. ^©B*©»fl?B$[g (Hr ) {c#*>i!fK (c 
d/m')©^MSt^7 7t*4. fcte. C©B$© 

«:. yir^ (*^) i zm* mm) ««©teT# 

X^ ( 1 £MIR) K*H,-Og«>*>-C*>*. 
[0056] 07 IS. iiaiSSitSSfPiJ^iStCfc 

^-c. 20 omr$ft9b'&<D$mmm {±sEm.mmmGco 20 

lffl) £&5£fl-KC7*L;fc0-e&$. 0 7CC*Jt>"C (a) 
ttX. Y. ZCDS^K:^W-&fflSi©«S§-C*0. 

( b ) axm*<D2 0 o&ffflvpmkoivm. ( c ) «y 

g^?WZ3e L ©2 0 0B?P^«iScD«Sg?r7nbrt> 
-2>. CCt. 07 (a) UL*s^X&&?Z>2-f?.-Xv 

[005 7 ] -e-OT. 07*>6. Y&tfZSS^-Ctt. A 
LE^(C«tS«lf®6<D*^-U^y* 5 M< . P£S5© 

x ? ^gp^e>^-r -5 * y td 1 ^u&m 6 tc^ 3c 

-;l/-$>i ? v>gp©# U v is&7F-%±t£ xm^f- * 
2#At <*'P. y-* hD l©£W**fJJ0 

[005 8] <!H2flS$fc!&) tC^r. 513?. ALE 

K> mats titemmm 6 it. mmm g smmts «fc 

©i>5 ? ^*i^T-2>i. &0U16<D#j£f*K:*t-rSt6 
?It4©ffiT. EH»-ctt. *^«:*f-r^fiCit4©S{t=&*S 

[0059] cct, ssn 6 ccis£-r &h 
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±ta»c^«. ^@6©fi£S®g-r<*®iix 
mwm&.-rzct&mmx'ih'o . cc^icoWALEffi 
«: «t o ^e£3 nrciiassn 6 ©3 I o sgo it>;*>©£E <t 

[0060] *m2 mmmmit. ±isifi 1 sits^^Kjjn 

fLX. IEIC. C©S&Ji6tC#S£TSJ&fc©FaSI£S¥& 
■T^<. &^6tCj£#©i|gtt&fi&£ft/ctf/ck©-e£> 
Z>. IP*>. aaEMOHfrCU. CS&H6*. #SJ16*8f 
l&-r*fiX##K:. j£ob&ftfOTSfc»©l£o>Jlg8]ES;#£ 

[ 0 0 6 1 ] Witt*. ALEffiKTSJiSnfcAl.O, 
i0^-5«ffi®6«. ?l-35g»5It;7J^^t». C©»S 

©^S@6tC. N (^^M^ 1 ) 3?©H^£/ctt*H^:lS 

»©^Jra«cj;-5-c. Ai.o.o^M^ansi^ 

«6©fl5fiStt. ALES«:J:SKSai6©RKfi^K:. S 

[0063]mil ALEStCiO A 1 ^ftCttob 
JSfOfiK^tl/rCNil^-^W^-ti-^fcfetCli. ALE 
ft«:«t^e£KB#tc. «g^6*«)5;-r5»W*4*'x-c*2> 

^.^©^^^©^x^ffiffl-rnii^c^ 

[0064] ©TMA^SA-^-^-H.O+NH^A 
(H.OiNHji^rPl^tC^A) -v<-5*--±l»->fc 
17- ^JU-CA 1 xOyNzlS^SBetL-CJgfiS-r^ 
^ffi. 0TMA3JA— ^-J>— H.O^A— T 
MAi£A-^-^— NH^A^-S^-i^ 1 ''** 
-{i'JU-CA l.OiliA 1 NI4^!CS!Eil. Al, 
0, + AI N©a@K*^S® 6 £ L-TJf5l&-r 
®TMA«A- /<-5^- H.O+NH.SA— '<-5*-- •• 

) *mm<DV--< p^mc w^^jiL. ^cctma^a-*^* 

-S^-N H J 3SA-'>'f-i ;; - > - ; S:mM©-9--r f^^O 
iEL. A I xOyNz+A 1 NCiii^SSeil 

[006 5] C©J:5KALE&te<fc9j£;*J$§?a»$#a 5 
^W$n-C^2»«SI)S6<!:L-CB. ±f2^®©<k^«: 
a i x o y n z mommx 0 * S fc©-^> ±f B:frr£<3>© 

j;^tcjt^«])j£^- (n> ^wr^JiPi±* s aii5n 

2tiXt£Z>m£LXm}&ZtlX^X'b£^&. ±I3^& 

o ®©«i:^«:. it^«fn^ (N) (a l 
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N) iB*»fflfiS»«:d«bttl*» (Al.O,) 

mo fcMMtxrc fcfiOo 

[006 6 ] CCt. TMAiNH 3 (DSlS«:j:SAl 
U- b£%£tt^<bl>9M£>6. f&M*a^tt3 0 0 

[0 06 7 ] LfrL. AlxOyNz^Al Ntt. -eo 
CCfi«cft*Jgl5JE*S<k* B3«IB)®l*tti*©WH43l* 

tt, 1 - 5 0 n mgg©A 1 , 0,^fiSIUr^ 

AlxOyNz*AlN*flcBlt4C4^ 

[0 068 ] *fctt. AlxOyNz^Al N#P&ffi5 

*m aa 5 w t xemctt 4 <t 9 dtR«rwm 9 # 

2*U>. *©«Wtttt. ALEffiCC*5^-C«, NHj 

[0 06 9 ] ggi6iltA lxOyNzl?: 

(DTMA^TEA. DMA H <t 

Jl/T^S-^A ( (CHj) 2 N A 1 (CH 3 ) ,) , is* 
?)1>T$ y^x^r^^^^A ( (CH 3 ) 2 N A 1 
(C,H t ),K hy^^75>-7^r>AlH,: 
N (CHj) >m<DT 5 -/T^*^d>HW4-t>. ^*Jt> 
TJl/^^AT^K ( (CH,),A1N 3 ) . ^X^Jl/ 
T^S-fAT^F ( (C*H 5 ) Z A 1 N 3 ) «f(DT^F 
{b£»**fflC>"C " cn64H,-0*0,»iHl63*r 

[007 0]^, KISnitO'CBftlr^ **JS 

fE*««J^Xi UtNH,^4fflUt{fflW6.ilt 
■OAlxOyNziSMU. B8tt. *lftlEW«:fc 

[0 07 1 ] SEf, ft^l/c*7^Ifil (3 5mmx 
4 5mm) *JKJ£*F«CAftfc. *©filWP*40 Pag 
fttDJK&CCU' N^X^400 s c cmggifilW 

»«taft*i so-ctcfgesi* 

te. *<D», TMA4jSf4#h^t2 8'C, H,0 
^Wh^tctffi (2 4'C) ?SBETr 
Stft£-tf\ +t'J7^'C*4N I ^ «14 00s 
ccm) CCcfcO. SJ»jp^»AUte. NH,^ 
tt> #>^6«*&L/ 0 s c cm) . N 2 *f? 
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ii 7s (i&fi3 9 0 s c cm) t 
F^»At/fc. 

[007 2] SfE^^<D#XOVAa%OJ: 9(Cff o 
tc. *"J\ A4kTMA«0. BtWA.l/ftift. 

<bH a O£0. 6fj\ N,^-^*!. 8#\ NH 3 
MX&l. 0tJ\ N,^— 5*#**2. Of*. JffiWHA 
U 0«*:fT->fc. C©TMA»A-^-^-H,Oj| 
A-»^'-y-»N HjaX-^-^CDt ^^*5 0 0 0 
10 Btt9£U SW*tfofc. C<DRB> StftFOBEftttl 

tCj:otl 3 0"C«C«»Lfc. 
[0 07 3]«R3&s»7Uc«tt. N,W44 00 s 
ccmiAL^e, »«?&ai«rtfC^ S«SK**7 0 
°Cic tt o fclftArSUC^**ftUElc L/ % S« 1 £IK 0 Hi 
Ufco CfttU:*), Sil6ilt, if«4 3 0nm 
©AlxOyNziWWc. ^<D*B/£ttRBS (5 
1f7*~F«#t».ffi> K<£9. Al :0:N(DM^S 
tt (x : y : z ) T\ 6:8: lt*iCt3Wt^t 

20 n/co 

[0074] */c, *7^IK 1 CC*jW&fiRIRU»OX 

(SOS) #>6. BOCCS^-SHc. COAlxOyN 

zKCC<fcSl£*«. ftl 1 0MPa<D5loSBDl£*-C* 

lOO'C, TMA+H,OtC±*ALEffiT?»fifc3ftfc: 
if40 0nm'©A 1 2 O a fg (Jb8BH3(0*flWffiK:J: 

£SSJI) "tt, r^ejb^y^tr*?), rt»i£*ttfi4 3 

0MPaT5l-oSS0JC**S«-. BP%- *lftHWc «fc ft 
tt. «»»6CC^|RW«»"C**N*JBM|-r4CitC 
30 J: 9, ffBW6(c*^-r45lo.»0l6*<r*fP-C**C 

[ 0 0 7 5 ] ffiot, *iaB&J»©l6*liW«»«:*W 

rifiawetaffluifewwELjR^ecjcfttt. 

* 4>MM <b t > -9/cgSli 6 <D»««rB5±-r & C £ 

«SS6 0«B*2-5CC*t-re«S14^:, *0* 

[0076] («3 nmm) *n 3 ^*sji5Jgt> , ±sa 

40 at(Dt^^ ±fB^2^ifeff5^tt. figaW6«:jS*» 

«Sg6^r, Jt«WJ»**«fi<l6*«:*Wr&Bl 

[007 7]R»W«:lt G^Jt6*. ALEttKttJ 
50 WlUfcOhSitS. C©i^ k fiHietc^tlt, 
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mm (ftsptt^£T£j£;fr) (omu^K^comcomjSiTc 

[0 07 8] BE*8J£* (WT, Jt^CD^fittC- (-v-f^ 

<fth«±<. *®JMR*\ *0Utfcra*>tti*. 
JiWUA:t*/fiaW6«c^r&l£**JffltH'C. fits 

■etc*? ^^iif^iftwnttm^ 

[0 07 9] .fiiiilt*t«fte>H SKKICC. 
^Ittfjtt- 1 5 OMPa- 1 50MPar*^Ct^g 
£L<> 3 fetCS*.!*, -50MPa-50MPat$) 

[008 0] TMAtH,0*6ALEffi(CiotAli 

o,«:iiHji-r4»^*wccintf. s^as okas. 

CCjCoT, iI?£<DS&aS («*tf 1 0 0-C) X?1$MZ 

[00 8 1 ] CC-C, SSSS^rTCf^iSffi^COK^ 
MttffiTTS/ctf), TMA<Dtt«&»*iIS<DS«fitt<D 
B$J;H^< Lfc^S^o «*&«tiJlf4^ h jKDSK 

[0 08 2] C<Dft&^teimtemmtf:i><Dtj;<D 
tf. f ^ 1/ ^ ^*Sat* -5, W 

» k s^ss* i o o -c^e> i 4 o 'cgtt(Dii&ssgi£ 
[0083] c ne>sft o /c^#«s n/cSi©l 

[0 08 4] ALEffi«CJ:4 2»Jet±0«BW8 
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S i C 1 <<Dm»WMZmtZi*tctfX£H>0£ilxfc 

fo-a-«c*$i*r. i o o'C8u«©««»ftiTntf. s i 

[0 0 8 5.]^ R5£§ft&fc©-CttttC>**, 
JfcStoiouT. ttT<D4HfcfEW (JMRC«ll2<D*fflE 
10 «) £#]&L-c> J:0fi(*W«:iS^4 o cft^S^IEefl 

[0086] [* 1 ttfEM] *:09-C«. Umm 6 (CfcW 

[00 8 7]i5t^l/c^7^1fil (35mmX45m 
20 m> *5J£^CCAn, *<DEJK*F«:4 0P i ag9[OKS 
CCU. N,#X*4 0 0 s c cmlSSl/M^lKl 

«adMiu «Rjaat*5o-c(c*ss*fc. t 

MA*JH*4#h^rtCCr2 8*C, H,0*IH»#hiH^ 
CCT^a (2 4'C) CC«J5U «EET-ca<fcSH*. &<D 

seem) tcj:0, JRJtJtF^aiAO/c. 

[008 8] M{fcTMA£0. 6#«AUWI, 

t/CN,*/**2. 4fWIAl/fc. PI 
««C»jfcH a O«r0. 28\ N,^-t**/X*2. 0#(D 
30 #X»AB$ra ('WX«HB> tcr^AU/c e C©TMA 
^A^^-^H^O^A-^^^^CDi^-Y ?)V&3 0 0 

OHIWilU J5HB*tf^'fc. COM, KJ£*F0E*» 

150-3 00PatAD, »«jBK»*Rl6«Frt©t- 

£CC<fcr>T5 0 # CfcGy#L/c o 

[0 089] N, *f 4 0 0 s c c mlAl 

oo*cccS5e3-&fc. cots, s 

«fiK5 0*C©i*tH«O^^^IBICCT:. TMA« 
A^*-S^HaO»A^'<-2**>*-f f J«r2 0 0 0 

40 ^xhooscc mmxuts&h* tt«»*P*m^ 

»«1*K0H1U/c o 

[0 09 0] cntcj:0, «H®6<bUr, tSRV^ft 
3 2 0nm©Al 2 O 3 I^#6n/c o ^7^IS 

«C, *F4cO«S@ (A 1 j 0 3 + A 1 2 0 3 ) 6<D£tt;j] 
{t. ftl 4 0MPaO?|offi0JS*"C*4Ct^filS3 
ft, JJB»riiaBB»«:m3tifcA 1 ,0,1 (_bieS3 

50 #fcCi3^»B"C*/c. 
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[0091] ffiot, iiemi^nwocR^^n^ct^ 
6 zmm l /cw«se ljr^ioo cc <tn«, ra 
-tWr * o x ioa*»«:na: e>tf % c i cc£ o 5> 

S5 0"C-C5tCCff$fi£l//cA 1 t O,R#j£;&««IflL Sfi 

as i o o •c-caecjBdEuifcA i ,o,K##&£*»sui 

[0 09 3] [S2tfefEfll] filil6m 

iftttHt?**. i5fc^U/c*7Xlfil (3 5mmX4 5 
mm) €KlfflFtcAft. *©KJ£iP*4 0 P aflSOR 
■SBCU N l ^ J ^400 s c cm8S[j6lW?)ifi 

izmmLm&M&z 1 3 0 e c^?t/c o 

[0094] S i C 1 4 fecfctXH,0*ra»^h 

ji/rtccrfiWbSi*. ttyr^t* 
4N,#X (?SS4 0 0 s c cm) Kl<J:9, SJ££*M£ 

KtcmxLtc. swts ic o««Ai/fca % 

N,*'X£2. 4#3¥AU/c 0 HWMCSUbH.O 
£3. 0«\ N,/*-S>:tf**6. 08><D#X*AB#Fffl 
('Wxb$H) ccr» AO/Co CCDS i C 1 4 *A—'* 
H.OiiA-^^— t/©*-/ ^;l/£2 0 0 0 0810 

[0'09 5 ]*O». N 2 *'X4 4 0 0 s c cm^Al 
S«Sg£l 0 0*CiC3eS3l*fc. CCDS, T 
MA*$J:U p H l O*JR*4?Khil'rtK:r«{b3-a:» #©<£ 
^tCbT. +t'J7^tWN l ^X (i£S40 0s 
ccm) CCcfcO. SJ£^SSS«C*Abfc. 

[0 09 6] StftTMASrO. 6#»Al,fc«. N,# 
X£2. 4»»A(/fc. [HtfiKmttH^O* 
0. 2#\ N,^"-^#X*2. O^cD^X^A^fS 

-H,O^A-*^-i*DtM ^H£2 0 0 0BM9X 

u aaa*m». s i o,M4>±tcA i .OjM&jkku 

tc 0 OtmifitST Ltcmt. N 2 #X£4 0 0 s c cmm 
[0 09 7] CftKcfcO, S8UB6 4LT. Mil^7 0 
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nm<DS i OzBtmrnmi 6 0 nmCDA 1 z OMt<D 

B (SOS) *p<=k Hi 3CCm-T«tc. -eoesui (S 

i 0,+A 1,0,) 6<D±l£*tt, #J5 OMPaO^lo 

$n/cA 1 ,O a M (H3<DXgCCT»Jl5Sftfcfc<D) <b 

[0 09 8] «ot % ±Rm2mEmKK&2ti&J:*> 
. ft»BI8 6Mlfc««EL*^10 0K:J:tHt A 
10 L E i£K <£ £ 2 »«±tDffKB 6 £ Jt«*f4-C«tJ£T * 

i imxtmm t s c <t * . 
[0099] ±fESi2**aEWc«\ s«@e 1 3 o-c-c 

5frcjfr&LfcA l.OjMW^HSAflHDR S«SSl 0 
0-Cr^tc^U/cS i O,«*il6*t»«Bli'tt0. ft 

20 3gf*2-5tc»-r^tsstt^ <fc05i*ccr6i±$^^>c 
t&xtz. 

[0 10 0] (?H4*S6J££D 0 1 4(C*^o^4^ 
tBB«CCfifc*W«E L^-7-2 0 0 <DSB#WfctKB8»r®1f 

3g(*2-5CO±CC^$ti/c«S^6*, ALE^CCJ: 
Off^Stl/cli (ALEIiC^) 6a<b, A L ES<b 

6 b <t (D»^^ u /c c i z&m t r ^> ©r* 

30 So 

[0101] «^6«, HS»nm-|[+ 

nmCDA 1 , 0 3 X *) U2> A L EM 6 a <LJ9i?lfcn m~tfc 
+ nmCDCVDffiOCJ:0^§n/cA 1 ,0 3 AOtt** 
ALEH6 b£&&S.K.m£tltc<b<DX'$>2>. CCX. 
ALE® 6 a^ft3i»2-5(Di£±CC0fiSi$n, *AL 
E16b^ALE16a©±CcMSti, feil^ 

A L EftCCi: 0 ALEI6 at*^)A 1,0,^4^ 

^^T. mcSi&ftlCX. CVDj£CC<fc9^ALE 
@6 b-C*>SA 1 jOjI^Mt^fcOT^^ 
[0 10 3] 1 O«09^tfxf >UX^J:0EHff5fi£5 

titc&mffi&<Dng.m.x $> o , ^(ortgu^gf^iiss i 1 
iowsrc^, -ei/T. *^i o©F*9gp«. 

2v-#>y*$) zm^x. nmms&i i^e>s^cc^i 

50 frtlX^Z> 9 



19 

[0 1 0 4 ] OOrtSfHtfct:, 

KJSSI 2<Dg«tctt % H^Uttt**J(aiBK»K:r 
fWbJWBSftSTOSBMS;^-!- 1 3^M$ti-C 

^<DSfe(DaiUAn^r?To/cO, is* v * 1 3«IS 

[0105] */c % KlfcSl 2^TMA^, H,0 
^RO'N a tf* ^et*&-T Ztc&<DX f" > U «3 & 
**ffi«3fel 4, 15, 16, 1 7*sg8W6tl-CC»4. 
EttJfU 4»TMA«X©Ef» (TMABtS) "C* 
0, Sj£^1.2rt^TMA^*3IA-r4/c«)©fe©r 
£>£ 0 EB^l SttN.tf^OEWR (TMAiSffiN, 
#*KBS) T$>*). TMASff HtCiotTMA 
^*BfS©B*ffl«b/cacc. »ff1-5TMA^*R 

[0106] EB3U 6tt^#xr*4H.O#X<D 
KB* (*EBS) TMA|»*HiN,:tf*E« 

Si 5«c<tor^-^x*itLfca. stssi 2rt^ 

EBSU 6(C<t o-CH a 0^*ef^<DB$HI«£U/c» 

[0107] Ctl6TMAEffsl 4, *EfIl 6, 
SN.tfXEWftlS. 1 7tt§*. Bml/«ct^M1BB 

[0108] ^Lt, SE^l 4- 1 7©^^tt, 
ftCCfcoT. JSJ^l 2^C0^X«*&«. TMA. N 2 

EfSl 4-1 7tt, K^l 0£MiIb 

[0109] */c, SJE* 1 2©rt8MCtt % WS^EE 

«R*jby i 9^gg?nti^, c<os«i8tt % ± 

IBS jlJfi^SSec *5 W £ «JS f* 2 - 5 * Vifi&tiS, 3 tifc if 

mi* ssi 8*«««Pittttffl»4wr**««oT 

Cci^-ttl^ pffig & J: 5 *C S/ - X t - * o a W <D 
<b"C££o 

[0 1 10] Etc- »«*n>$M 9« % »«iSS*ffl3e 
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»«l 8*Bfa<waK«:ftiJ»Hl*Bittorc*4. 

C(DSfi^yi9it JSPc^l 2rt^S«l 8£HUL 

[0111] ^-&fiE«g«Cc*5C»r«. £t\ SSI 
8*t-*«*««*iuyi S^l 
0£iiUT, 3©SB»^e>Rl£Sl 2rt«:» 

tttlOOX) SSI 8««R*^yi 9KJ: 

[0112] Sffi 1 8 IfiffiW&WSL (W*.tt 100'C) 
CC»l/fc?K TMAEf^ 1 4rt>6TMA#**Ej£S 
1 2«cai9i&t*. -ecDtt*SJSS. Rtf, TMAEfSl 

C£CC<fc9, SJ&M1 2rt©»H^*«raPa«ttK: 
ftoctm. SS18KlTMA*s-iKtf*fT 
So *©8L i/+^13**H«:it, TMABfcSJB 
N,#XE*3R1 5<fcDN,#X£i&*rc<fctcJ:9 v HJB" 
*1 2^(ciat2>TMA^^it^Cim 
20 So 

[0 113] #CIC> H,0#X£*EBSU 6*>6Kl6 
£1 2^iH9iitfo *<D«*&ifeB* Rt>\ *Eflf»l 6 
ittifflHCC**^* ? £ 1 3<DB8Hffi**:e*iJ»T4C 
<tKl<fcD, 2rt©*3Raffi<:—S«C«^Ct*s 
-C*, Sffil 8CC»«UfcTMAtJSJ£S-&'CA 1 ,0 3 

tcbr. *K*MN, ^Ef S 1 7 i 0 N, 

To -enK<£9, Sl»l 2rtCC«B-r4H I 0«:l»* 

30 [0 114] C<D<i:^(CALEffiCCJ:Sl?XM-9->f 

(TMA*A-^-y-H, 0»A-»^-^) ^WMCD 
MJlCca*rS*rSOiib. lilOALEiBaS* 

So tt*5. cVDJ5RBI«:*5»4JiSBtiatt (SSSS) 
tt, ±EALEttCC<fc*BSBBaH[4ra0 1 OO'CtT* 

chCcBSt5t©'«ia<, lattice 
[0 115] $-T v TMA^tUt, tCDWfrTM 
AEfS 1 4«>6SIKS1 2(ciH0iAtfo *0TMA*' 

xos£$atrr£<t <tfctc, tmaeisi 4<t2?®j«: 

40 tr^l 3©HHS[*IWflPOr, HJESl 2©# 

«i 8«c*#r*ottfciJ:»). ssi smm^^-r 

So 

[0 116] ^CDt^, 9«1 3^±m^LXl. 

TMAft*«N,^Et*l 5 j:oa«^*atrc 

i«<. H a O*«ftb-C, *©^4*EtJR16* 
6SJCS1 2CCiH0iiOo ^^-TS<b, S«l 8±««> 
S«l 8^ia<D»ffirfeTMA<bH l Oi*5S 
A 1 ^^Mt^c^m^o c^ur. 

50 lSl8(C^TALEI6a±^ #ALEB6b# 
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[o 1 1 7 ] ccD<fc-5«:. zmmmmicxtiiz. &m® 

6 4 A L E ffitc <fc ») J$M3 n/c A L E J! 6 a i C V Dffi 
tC«fc«JfSia3<i^ALEJ16 b<t©iffl#^rt*(C<fc«5 
I- T £^©J16a. 6 b©lgfl£^*.£ 

C ALEJiea^iB^fc^iSfllMiL-C. 
^ALE16b ZtiZfolJUfamt LX^tl^timt&Z 

[0118] ALEH6a<DF«9gPlc;^«l 0 O'CHS© 
<Eig-CJ&MLTfc. CT;U;t4 0 0 nro©JSS-Cift4 3 0 

6btli- 1 5 OMp aggKiitCi^t*?.. U 
ot, ALEi6at*ALE16b<!:©^@SJ:0)l 
&SBJI6:£ft©£lcO>5«:. mi* 4 0 0 n m©Jt<*-C 
15 0MPaSSKiitCi*i-Ct5 t 

[oii9]*fc. ic^faK<t6r«ei-r^ALE 
H6b». ]&rtKrtg|J^^©gH>K£&*©r8ij£f* 

zmtfoBmo^WtE ljrt-2 o o ccctntf, ii6(cs 

0NALEH6 bte^u-^ix^F&glSK l-^f> 

<Dm.±.zmm? sa l Ei6a®ttitt«>^«. * 

#«C»T£«lnttttrai8fc<<>„ H6B. ±fE0 

C0120] jc-^-c. ^mfe^tcfet^rfc^ usme 
-ess. ?6ic, *mmmi l c£tiw. &sj§6©-sp 

£fiXJ«U- KDjH,»CV DtttCfc *fc«>. <5>g 

^eo^gp^ALE^tc-cfiHg-r^Jt^tctb^r. rem 
[0 12 1] <«5XiraS) Bl 7(C*ft9J0ft53l 

w^A(cft%w«E o o (D&fmuimmmm 

i«. «Jfi#2-5tcS*r*ALE«6at*ALE» 
6b©BlflllB€rjS!«cl,fcfc©t?*4. BP*?, il7K^ 
Tt*te. #ALES6 b#«i£{*2~5©@J:tcj&£;* 
ft. ALEI6 a^ALE16 b©±KJgfi£<**l/c2 

[0122] C CT. #H«?!i£©<£SJl 6 (KBfirtm 
®-fte£'«&. ***. *mi8JfcKJ:£W«#fe7fc*«4© 

CT-©*S3iaH»9'C. ttfnAnfl&jKtt&tcj:*}. If § 2 
0 0nm©GeO (Mftyi^-SA) SOALE16 



2) ^200 1 -284042 
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b t LX&l&Ltc. m^T, CO#ALE16b©i 
tC, ±f2H3{Cinf JgRS^ffitPIStCU-C. TMAiH 
.OtBtjsmiOfcALEftKi.O. f3400nm© 
Al^.iALEieaiUSIIUc. 
[0 12 3] fc*>\ *ALE16 b<tU-C«GeO«:fl 
•»fcWcttfc<. HM#){BMT?o>mmwsi&tJ: S i 
O. L i F. A 1 F,&£'©ftlfelS-efc<fcl>. */c. # 
ALE&«CJ:^Bg^ib-C». fltj£i*2~5&BJ&Lfc 

fc©i|al-©K^«t8-c%< rfeAo. 
10 [0 1 2 4] #*X«Rl±(C*aW*2~5€* 

zmmic j: ♦jffjfiSEL /eta. eraser * c <t a < . m© 

9. #ALEH6b«0aR-r«ft6tf. 

ALES) fc£*&IClB£Lttt>. «Atf. HW2*»e 

p&@5$ -cexsittwc-cttii *mpfjj&-r a 

Ci&< CVDSHNCflNBL. Si,..N,**ALEl 
6 b tL/-CRHgr-SCtfepJtBr*4. 
[0 12 5] CVD&©»£tt*7'XIE3?K:<J:£lS 
K*mc<fc9. #ALE16 btc^T4lt.**^L 

20 si>£:i<>9«b£b£ft><3*i&. &A,«ta*iw:. alei 

6 a*«t5A 1 ,0,«tt. _k2?©«fc5«t3l^§g»JlS 

*4^-r«f6)* s *-2>©-c. s i.-.Nx^iEffiitv^frn 
6©tB«-?>iaK©i»±*sn-53&>?>-c*s. 

[0 12 6] gfc. *ALE16 btt. *8&l8K:|®g<* 
ns*>©-c«a< > ^^+^U>S^(*. #»M5K£ 

tt**iffife-C<SC>©-C. ±B©ALEI6a (Al.O, 

KA^r *5i o sg o i&Mfifirct z> t i» *> m&ifi 

30 &£. 

[0 1 2 7 ] fcflcU Cft6#1Mttt8ttft*99l>fcti> 

*r&^ iAL E&tc <fc <b o>?m<o&mt>tm < a * 

SK^:*5*€). Se-pT. *ALEJB6 b <»: l,-C©*at£!g© 
±CC V ALE16 a4^-T-5«:5tSEo-C«. ->7># 

[0128] S/c > ^ALEI6biU, Cfl^WtS 
40 K*®ffl-T-5ti^©8>J©M^:*iL.t:«. M«KCCtk-< 

xmm.m*'£2> ctt. it^m • wm.mi'S&.w&z c 

i"C*-S. SeoT. ALEI6 a©fiKffiffl^g«:*«5E 

**»ai»j:^a»^. ^m©sstc<fc^»wtSEL^ 

(tfm&VcttVi-t Z>-tOhK.. 4>fc< <hfc#ALEJ!6 
b i LT©WtiS« 1 MmliS©J15*{ii^0rEKMb 
tfe<Ci*5g*U>. te/ct. C©i?^«AflP§)&-r 

[0 129] */c> ^ALE16 biOt©fW*i, 
50 *©±iC. ALEiea^ALESKiOffil-r^i? 
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iST #ALE16 b<tl/T©W8U®tt. 1 

[0130] c©<fc^>tc. *mmBmtc£-?xi>> ±ib 

flMJgtti&JB&IBiatC. SS16«:ALEi6ai^A 
LEH6 b £©ffi*^*>t±lCj;9$)£0-Ct>*/c#>. S 
l>©J16a. 6 b©&ft£^x&C<h#-C*. ALE1 
6 a Z±5£imti18mWkt Ot. *ALE16b *±i2 

jt^iginst L/r-en^nts«t$ its c t&x% 

[0131] ±1B01 1 K-TfrtrUUZ. #ALEJ1 

■Cfc. ^©±£«£^£ALEJI6a©tg£tt#&l^c 

«>. *#K#rsigtni£«i , ..w.t<,>. oso. a leu 
6 ate* es^ecD^stt^fiissns. 
[0132] iot. *mm&micin,>xi>> mmme 
(cuslt isa tmm u x msimoymmosjum^&n 

SB£ALE£CtTI#lgTSi££Kfcfc-<T:. ffiK^ratrM 

[0133] (fe<D$mmm wt^ttrnt ^ 

3 -#©^®Rgtcw&2fe7fc*«4<!:bT© 

[0134] g-rstc. *»Htt. mw. i ±«c. svk 

*t|firrs-*t©11@2. 5P3«:WtS^^S3. 4 4E 
gUfc^j&ft^tBA^W^EL^^fc^r. flti*&© 
fl-flffiK:. W&ffefttmS. 4£«a-rSALE&(C<fc 



(13) 4$P§2 0 0 1 - 2 8 4 0 4 2 
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* [^ 1 ] #ffc<!S©f& 1 HJfeJMIfC^WtSE LfST©§& 

#i&rffi0-c*>£. 

[§2]il (Cin-rWSE L.%k*<0®V&¥-Wmx$>Z. 

[a 3 ] ±ie^ i mmmi&t£%z>®mm<DB&tii&<D- 

[04] ALEfttC^SiSSJKD^iaaimELS 

was - se^tt <t ©w^Tn-ra-c* s. 

[05] ^Saf^S-r^^^W/cWtSELfS^OgB 

$hkm0-c*.&. 

io [06] ±ism 1 HSSlf^«:*jW-5«g)l©l6S14(6)± 

[07] mmm<D&mm%±t<.j:zftm:®.m<Di<9m$)) 

[08] *3%3B©ffl2^0!lgK^&<SgJI©0fiE£8: 

©— m^T^tim x$> z> . 
[09] ±t em 2 siiH&atcfct* sgssji (ofctum® 

[010] *^©^3H*fe^tc^-&^aB©»fiX^ 
&©— WZfik? fenir* s . 
20 [0 1 1 ] 0 1 o K.ttBmj&iicxmfS.Ltcm&mv 
fctj&miimzTn-srmx&z. 

[012] ±IB^3«iS^K:^2»ffiSll©ff5)?5m«© 

mom^fp-rmixmx&i. 

[0 1 3 ] 0 1 2lCm?Bf&?}&t>tXBf$.l;tcGmm<D 

foftmmmzirs-rmx&z. 
[0i4] umiomimiikBi&t.cmzmmE lsst-© 

S|5^Bt®0^*2>. 

[015] ±se«4^ife^K:^SsSK^S©^t!S0-c 

30 [016] ±te^ 4 mmBW<.% s<$@Ji©&?gi*feft± 
5ajm?:^-rsiBS»f®0-c*s„ 

[017] #&W©S&5||*g^SK<fc-5«t8E L*^© 
gi$#»rffi0T?*>*. 
[^©SttBJ] 

«IS#JI. 5-I&S. 6-SSS. 6 a-ALES. 6 
X b-^ALEI. 



[01 ] 



[05] 



100 




100 




C14) 



ftffi 2 0 0 1-284042 



[02] 



[03] 



100 




OlCKI* (*fifi-»40Pa) 
OWS*I14 (1 OOt) 



50001Wi 



nl TMAff:*3A(ll6sec) 
> N2/t-v>(2.4s«c) 

L6 H2O*f>U|A(1.0sec) 
O N2/t-^(4.0s«c) 



OJ*» (1 0 0T:«*7O*C) 



[H4] 



[06] 



300D 



& 

(cd/m 2 )1500 




400 




1000 



[08] 



[09] 



O VA**y h 
OfittFSA 

OSBIt W5E-»40Pa) 
1 

OfSR 

~0 TMA#X»ACa6eec) 
O N2/t-S>(Z4sec) 
O H2 0/f^»A(06««c) 

O NH3#X5A0-0*ec) 

O N2/X-^(2X)Bec) 
J 

Ofcfl (1 3 0*C^7 0TC) 



500 
400 
to 300 
(MPa) 200 
100 




AI203 



AlxOyNz 



(15) 



&6S 2001-284042 



[010] 



1 1 1 



(a) 




500 


• 




400 


• • 
• 


o&s&mx 


300 


• 


OXMI* <*SifiE-4 0Pa> 








(MP a) 200 


I \ 


OAK 


100 




3000«Mi 



n> TMA#**A(0.6s 
> N2/t-S>(2.4sec) 

as ( 

rO TMA#;UIA(a6* 
O N2/t-*;a4iec) 

I V 



O H2 0#A*A(O2s«c) 
O N 2/t-$;(2.0sec) 

(1 00«C) 



2000WA 4 

a O H20#A3A«I2sec) 



I SHZOsec) 



OfcS (1 00^70"C) 

I 



AI203 



AI203+AI203 



[014] 



200 




12] 



ORfcFSA 

Ott£5l* <*5iff-4 0Pa) 

o^ka (i 30^) 
o«ft 



O S i C I 4 #X9A (UOsec) 



O H2O#A*A(a0sec) 
O N2/t~9(&Asec) 



(1 O0TC) 



2000*40* 4 



rO TMA#A*A <(X6$e 
O N2/t-5>(24«ec) 

LO H 
I- 



2O#A3A<0L2sec) 
2/t— ?(2JQsec) 



Qfc» <1 0 0"C->7 01C) 



i 



13] 




AI203 



N2 



TMA 
15 ♦ 



13 12 18 



S1O2+AI2O3 



[015] 



Ti.y 



Rim 



^=4 



13 10 




»»*«s?piBffinriTBi#» tfc*^ flt»»«STpBWP«riTai»» 
*t<r>v-i*3 ttf^v-rt 

*tt»«l»miBmWlTBlfWi S*n«/«SmBS«lWTlTBl#fi6 

F 3K007 AB13 BA06 BBOO CAOl CBOl 

DAOO DB03 EBOO FAOO FAOl 
FA03 GAOO 



